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ABSTRACT

TESTING THE POTENTIAL OF NOVEL GRAIN CROP CULTIVATION IN RURAL
MALAWI DURING THE DRY SEASON THROUGH IRRIGATION AND SOIL
MODIFICATION

Jessica Truman
Plant and Wildlife Sciences Department
Bachelor of Science

This research project studied the germination and growth rates of oat and quinoa crops in
Mtalimanja, Malawi. This project was part of a larger effort by General Mills and Brigham
Young University researchers to increase the diversity and nutrient content of crops in
impoverished countries worldwide. It was conducted from May to August 2017 during Malawi’s
dry season. Tetraploid oats and quinoa, both modified to increase the protein content of
harvested grains, were planted under three different soil conditions: unamended soil, soil mixed
with composted chicken litter, and soil with surface-applied granular fertilizer. The research
plots were watered daily except during electricity outages. Unamended soil plots experienced
high initial growth but exhibited severe discoloration and stunting by the end of the study period.
The plots treated with compost or fertilizer exhibited healthy growth. Locals responded
positively to these crops, particularly the consumption of quinoa leaves, indicating potential
success for their adoption as a dry-season crop in rural Malawian villages.
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INTRODUCTION

The School of Agriculture for Family Independence (SAFI) is located in Mtalimanja,
Malawi. It was created by the NuSkin Force for Good foundation in 2007. The school hosts
farmers who live on-site for a year learning improved agricultural practices before returning to
their communities to share those practices with others. This research project was conducted at
SAFI as part of the Malawi International Development internship, organized by Brigham Young
University’s Kennedy Center for International Studies.
Agricultural development and organized land management is minimal in most Malawian
villages. Most villagers grow and grind their own corn into a dish called nsima to fulfil their
caloric needs while relying on side businesses and piece work to make ends meet. Seasonally
available food includes guava, papaya, leafy greens, and tomatoes. Fertilizer and irrigation water
is available, as well as electricity and transportation, at SAFI. Most rural farmers, though, have
limited or no access to these resources. Crop diversity and productivity is therefore very low.
Traditional crop cultivation occurs almost exclusively during the rainy season and results in
seasonal cycles of abundance and near-starvation. A nutrient-rich crop grown during the dry
season could would help halt this cycle and increase health and productivity in rural
communities.
Oat and quinoa were selected as candidates for introduction to Malawi because of their
nutrient content and suspected compatibility with Malawi’s climate. Oats and quinoa are
especially high in protein, a nutrient that is severely limited in Malawian diets. Oats were
domesticated in the Middle East and Europe; quinoa was domesticated in the Andean highlands.
Malawi’s dry season average daytime temperature is 22-24℃ (71-75℉) (World Bank). Nights
can be significantly cooler. During the study’s occurrence, there were no frost or precipitation
I

events. These cool, dry conditions are acceptable to oat and quinoa cultivation. However, hand
irrigation was necessary to maintain adequate soil moisture levels. The soil at SAFI was sandy,
varying in clay and loam content depending on distance from riparian areas, and generally
exhibited leaching and erosion due to heavy seasonal precipitation.
Thesis: I proposed that the modified oats and quinoa would grow well with the plentiful sunlight
and stable temperatures present during Malawi’s dry season, especially with irrigation.
Objective: This was a test of oat and quinoa’s ability to grow in Malawi’s climatic and soil
conditions.
Keywords: Oats, quinoa, Malawi, agricultural development

MATERIALS AND METHODS:

The project was conducted in two research plots located on the SAFI campus; one on the
west side of the campus adjacent to the school’s fish ponds and the second on the northeastern
side adjacent to the women’s dormitories. The western plot will hereafter be referred to as the
reservoir plot. The northeastern plot will be referred to as the clothesline plot because its
western edge was parallel to a clothesline.
Seeds were obtained from Dr. Jellen of Brigham Young University. His lab had
genetically modified both the oat and quinoa using traditional grain breeding practices, e.g. wind
pollination. The oat seeds were tetraploid and the quinoa was high protein. In all, approximately
fifty-three different strains of oats and four strains of quinoa were used in this project. The oats
were not dehulled prior to planting; it is recommended that they are in future research. All were
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subjected to each of the three soil treatments in both study plots.

Figure 1 Seed packets reinforced with duct tape

The soil probe used in this experiment a HoldAll three-way meter probe. Solar powered,
it measured soil moisture, light, and pH. Soil pH was measured by inserting the probe into each
corner of the section being measured—as well as every four feet along the edge of each
section—and averaging the resulting measurements. Sunlight was not measured. However,
sunrise and sunset occurred daily at 6 AM and 6 PM respectively, varying only slightly as the
season went on.
The two soil amendments used were composted chicken litter—locally referred to as
manure but here referred to as compost—and granular fertilizer. The compost was produced at
SAFI by lightly composting chicken manure and other locally available organic matter under
black plastic. The fertilizer used was a 23:21:0 +4S granular compound fertilizer produced in
China and sold by the Agricultural Trading Company LTD (ATC), headquartered in Lilongwe,
Malawi. After the study was conducted, a sample of the fertilizer was tested at Brigham Young
University’s Environmental Analytics Lab using an S3 complete nutrient analysis (see table 1 for
results). The fertilizer contained significantly less phosphorous than labeled (only 8.57%
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compared to the labeled 20%) but contained many macro and micronutrients that were not
specified on the label.

Primary Macronutrients

Labeled (%)

Actual (%)

Nitrogen (N)
Phosphorous (P)
Potassium (K)
Sulfur

23
20
0
4

21
8.57
.46
4.35

Secondary
Macronutrients
Calcium (Ca)
Magnesium (Mg)
Micronutrients

Labeled
(ppm)
--Labeled
(ppm)
-------

Actual (ppm)

Sodium (Na)
Iron (Fe)
Boron (B)
Copper (Cu)
Zinc (Zn)
Manganese (Mn)

.59
1.19
Actual (ppm)
.37
.47
24.7
16.6
55.9
464

Table 1 Macro and micronutrients of granular fertilizer

Reservoir Plot
The reservoir plot was subdivided into three adjacent sections, each 30”x200” and
separated by a ~5” walkway of compacted dirt. See figure 1 for visual representation of
the reservoir plot. Each section was cleared of brush and then ploughed under to a depth
of 12” using a hand hoe. Each rectangular section was aligned in a north-south
orientation, each with 49 rows of oats aligned east-west. Each row of seeds was
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Figure 2 Model of reservoir plot drawn loosely to scale

planted in a shallow (~1”) trench in the soil created by running a finger through the soil
and then making ½” holes with that finger, ten holes per row, and inserting a single oat
seed into each hole.
On the south end of each section, four rows were planted with quinoa seeds. The
quinoa seeds were planted by making a very shallow, less than ½” trench with the
researcher’s finger, and sprinkling quinoa seed in such that each seed did not touch each
other. Seeds were planted so that the order of seed strains was duplicated in each
section. This minimized the effects of a strain’s location within the section and proximity
to other strains on seed growth. Each row in every section was marked using clothespins.
Wooden clothespins were disassembled. One wooden dowel—half of a clothespin—was
used per row. Each dowel was labeled, using permanent marker, with a unique number
sequence.
Soil in this plot was dark brown, visually accessed as having a clay loam texture,
and significantly moister than most soils in Malawi during the dry season due to its
proximity to the reservoir and fishponds. It had an average pH of a barely acidic 6.39
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with a range of 6-7. Each section’s soil was amended as follows: The first section was a
control plot, receiving no treatment. The second plot was amended with a half a
wheelbarrow of compost mixed by shovel into the soil prior to planting to a depth of 6
inches. The third plot was also not treated because fertilizer was not obtainable while
data was being collected from this section.
The plot was irrigated daily. Water was obtained from the adjacent fish ponds.
Each plot received approximately .07 gallons of water per square foot (3 gallons per
section) each day. Fish pond water would have affected plant growth due to the
eutrophic nature of the ponds. This was poor project design but at the time there were no
other easily accessible water sources nearby. A further research question may be whether
eutrophic pond water, rich in fish waste, could be used as a fertilizer alternative.
Germination rate and average height was determined for each row. Germination
data was obtained by counting the number of emerged seedlings in each row on the sixth
and seventh day post-planting. This number was divided by the total number of seeds
planted to obtain overall germination rates for each row. Plant height for each row was
also collected by measuring the height of each seedling in the row being measured and
averaging the total. Each row was measured in this way. The control section and
composted section were measured. The area was grazed by goats before the fertilizer
plot could be measured. Ultimately, the reservoir plot was converted into an avocado
sapling nursery by SAFI students because goat herbivory could not be prevented.
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Clothesline Plot
The clothesline plot was subdivided into three adjacent sections, each 45”x130”.
A pathway of compacted dirt, approximately 12” wide, separated the sections. Each
section was cleared of brush and then ploughed under to a depth of 12” using a hand hoe.

Figure 3 Preparing clothesline plot soil

A fence was built by SAFI students around the clothesline plot to keep goats out
(see image 3). After the plot had been ploughed, a fence approximately 5’ was made.
First, sapling poles were inserted into holes dug at least 2’ deep. Soil was
reinserted and then pounded to secure the poles. This was key to prevent goats and,
surprisingly, local kids, from knocking over the poles when they leaned on the fence.
Elephant grass was then tied horizontally to the poles, one reed on each side of the pole,
continuing from pole to pole such that one line of reeds spanned the inner circumference
of the fence perimeter and another line spanned the outer circumference. This process
was repeated such that there was a double row of reeds approximately 6”, 18”, 36”, and
54” from the ground. The elephant grass reeds were tied to the sapling poles using wire
and ripped mosquito net. One space between the poles was left without these horizontal
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reeds to provide space for a door. Yarn was provided to make the fence. Unfortunately,
it disappeared soon after being given and was replaced by the mosquito net. The space
between the elephant grass poles was stuffed with thick, reedy grass cut from the adjacent
property. The elephant grass poles were then tied tightly together every 1-2’ to hold the
reedy grass in place. A door fitting into the gap in the fence was made in the same
manner and tied to the poles using wire. The fence created an opaque barrier with a
strongly secured door. This was key to prevent goats from seeing into the plot. The
height and opaqueness of the fence were crucial to keeping goats out; if goats had been
able to see inside, they would have been motivated by the greenery to create holes in the
reeds and elephant grass. It is heavily advised that all agricultural research conducted in
Malawi likewise be fenced with opaque fencing.

Figure 4 Completed fence

Each of the three rectangular sections within the plot was aligned in a north-south
orientation. The soil in this plot was reddish, light brown, and visually assessed as
having a sandy loam texture. It was very likely an ultisol soil although oxisol soils are
also common in Malawi. The westernmost section, which had unamended soil, had 53
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rows of oats. The middle section had 52 rows of oats and had compost mixed in by
shovel to a depth of 12”. The easternmost row had 47 rows of oats. Fertilizer was
applied at a rate of approximately 194 grams per meter2. Per each application,
approximately 40 grams nitrogen, 16 grams phosphorous, 9 grams of potassium, and 8
grams sulfur were added to the soil. It was applied 30 and then 46 days after planting.
This delay between planting time and fertilizer application was due to no fertilizer being
obtained until later in the study. The disparity in number of rows is due to a
miscommunication that occurred when local kids helped us plant. They were extremely
good helpers and otherwise a great benefit to the project. There were 4 rows of quinoa
planted in the northernmost side of each section. Each section was planted in the same
manner as was used for the reservoir plot.
Row labeling was conducted in the same manner as in the reservoir plot, using
clothespins. It is important to note that by June, termites had eaten almost all wooden
labeling material below the surface. If the study is repeated, it is heavily advised that
wooden markers not be used.
Irrigation occurred daily. Water was obtained from the adjacent women’s
dormitory sinks (the water tower that supplied the sinks is visible in the top righthand
corner of image 3). Each plot received approximately .05 gallons per square foot of
water each day. Irrigation stopped only when SAFI electricity was shut down for the
entire day due to electric line maintenance, which only occurred twice in July, for no
longer than three days at a time and very rarely during the other months.
Germination rate and average height was determined for each row. Germination
data was obtained by counting the number of emerged seedlings in each row on the sixth
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and seventh day post-planting. This number was divided by the total number of seeds
planted to obtain overall germination rates for each row. Plant height for each row was
also collected by measuring the height of each seedling in the row being measured and
averaging the total. Each row was measured in this way. Plant height was measured
twice in June, twice in July and once in August.

EXPECTED OUTCOMES

The expected results differed greatly from what occurred. I expected the soil to be
severely nutrient deficient. Based on this assumption, I expected the control sections to exhibit
low germination rates, stunted growth, and little seed production by the end of the season. I
expected the fertilized section to have the highest germination, growth, and seed production
rates. I expected the composted section, in germination and growth, to do better than the control.
Overall, I expected the plants in the reservoir plot to do better than those in the clothesline plot.
Ultimately, though, I did not expect the oats or quinoa to grow comparable to how they grow in
the United States.
RESULTS
The experiment results exceeded expectations in surprising ways. The results were very
encouraging towards large-scale cultivation of oats and quinoa in Malawi. The soil was nutrient
deficient for many macronutrients; however, based on the quinoa’s high concentration of leaf
nodules, it also contained high concentrations of toxic minerals and metals. This led to plant
stunting and leaf discoloration in both quinoa and oat plants. The exact soil content of either plot
is unknown. Though permits were obtained for transporting soil to the U.S., the task proved too
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challenging logistically for this project’s deadlines and budget. Irrigation and soil modification
are necessary for conducting dry season agriculture.

Reservoir Plot
The oats and quinoa in the reservoir plot exhibited robust initial growth. Germination
rates were lower than expected due to the seeds being unhulled; 63% and 79% for the control
and composted sections respectively. Oats in all three sections were dark green and exhibited
minimal insect damage. The quinoa in the two control sections had comparable heights to the
quinoa in the compost section. However, the quinoa in the control sections had severe leaf
discoloration and bleaching (see figure 8). The leaf margins on this quinoa were also deformed,
often thinner in diameter, most likely due to either a lack of nutrients or a toxic abundance of
certain metals or elements in the soils. The quinoa in the compost section had dark green leaves.
Both quinoa treatments exhibited high numbers of leaf nodules due to soil toxicity.
Unfortunately, goat herbivory on the seedlings in the reservoir plot was apparent a week after
planting (see figure 7). Over the course of the next week, the plot was grazed three times and the
seedlings died. The plot was then ploughed under and used by SAFI students for avocado
seedlings, which are less susceptible to goat browsing.

Figure 5 Emerged oat seedlings
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Figure 6 Oat seedling exhibiting goat herbivory

Figure 7 Quinoa plants exhibiting leaf discoloration and margin deformation, June 9, 2017

The soil of the reservoir plot is not comparable to the soil utilized by most Malawians, as
noted over the summer by SAFI students. Its proximity to the fish ponds and reservoir increases
its soil moisture, especially during the dry season. The soil also has higher organic matter
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content than most soil. Hence, this plot would not have been a good indicator of potential
compatibility of the grains and Malawian growing conditions even if it hadn’t experienced total
mortality due to goat herbivory.

Clothesline Plot
The clothesline plot exhibited promising growth. The soil was representative of the soils
viewed around Malawi in both texture, color, and moisture levels. The quinoa and oats grew
well in soil that was amended. Irrigation was essential to seed germination and maintaining
growth. Height measurements were collected twice in June and July and once in August. Oat
and quinoa had set seed by September.

Clothesline Control section
The oat section with no soil modification did very well at the beginning of the project but
did not do as well towards the end. The seeds exhibited a 72% germination rate. In early June, it
exhibited denser, darker green growth than the other sections. The plants were measured on June
6th (date 1), June 21st (date 2), July 13th (date 3), July 21st (date 4), and about half the rows were
measured on August 8th (date 5). By the end of June, growth rates had fallen (see table 1).
Plants became light green and some leaves had red spots and tips. The quinoa in this section
germinated well but growth was extremely limited; plants never grew taller than 6” and had
severely discolored leaves.

Figure 8 Oat plant height change, control section, Clothesline plot
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Clothesline compost section
The compost section exhibited the greatest increase in height by August, despite its
initially lower germination rate and slow growth. The oat’s initial germination rate was 28%.
This is suspected to be due to significantly drier soil conditions in this section because it did not
experience occasional shading both other sections experienced due to adjacent fencing.
However, by the end of the season, the section had filled in and exhibited denser, taller, darker
green growth than either of the other sections. Plant heights were measured on June 6th (date 1),
June 22st (date 2), July 13th (date 3), July 20st (date 4), and about half the rows measured on
August 8th (date 5). The quinoa did incredibly well; by the end of summer they were all over two
feet tall with healthy, dark green leaves with many leaf nodules.

Figure 9 Oat plant height change, compost section, clothesline plot

Clothesline fertilizer plot
Because fertilizer was not obtained until the end of June, the fertilizer section of the
clothesline plot functioned as a second control section until fertilizer was applied. The plants
were measured on June 8th (date 1), June 22st (date 2), July 13th and 18th (date 3), July 21st (date
4), and about half the rows measured on August 8th (date 5). The oats exhibited a similar
germination rate, 77%, to the control plot. The fertilizer benefited the oats, which did not
become light green and red like the control group. However, the application rate used for the
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oats proved too strong for the quinoa, which were burned and looked very similar to the control
group quinoa.

Figure 10 Oat plant height change, fertilizer section, clothesline plot

Figure 11 Final height of oats, all sections, clothesline plot

Figure 12 Healthy quinoa, compost section, clothesline plot
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Figure 13 Clothesline plot, July 2017

Figure 14 Stunted quinoa, July 11, 2017
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CULMINATING EXPERIENCE AND DISCUSSION
This research project hit a lot of road bumps inherent to conducting research in a rural
area in a foreign country. It was exciting to see the oats flourish. To our surprise, the grains
were not used solely as grains by SAFI students and local villagers. Leafy greens are already
consumed daily in Malawi. Those given quinoa leaves approved of the flavor and texture. Even
if it is not accepted as a grain—Malawians have a deep preference for corn as nsima—quinoa has
nutritive value as a leafy green.
The biggest surprise was how much of a problem goat herbivory was. Insects were not
such a big problem, potentially because populations are usually low during the dry season. Wasp,
toads, caterpillars and rodents were all present within the research plot but did not cause visible
effects to the plants.
The research project was an incredible experience. I hope the information helps further
the development of oats and quinoa as a food source in developing nations.

17

WORKS CITED
“Average monthly temperature and rainfall for Malawi from 1901-2015.” The World Bank
Group. Climatic Research Unit, University of East Anglia. 2018. Web. Accessed 31 Jan 2018.
“Ecological Site Inventory.” Inventory and Monitoring, Technical Reference 1734-7. U.S.
Department of the Interior, Bureau of Land Management, National Science and Technology
Center. December 2001.
“Sampling Vegetation Attributes. Interagency Technical Reference.” Cooperative Extension
Service. US Department of Agriculture, Forest Service, Natural Resource Conservation Service,
Grazing Land Technology Institute, US Department of the Interior, Bureau of Land
Management. 1996 (revised 1997, 1999)
Blaikie, P. “Is small really beautiful? Community-based natural resource management in Malawi
and Botswana.” World Development. 34(11):1942-1957. Nov 2006. Web. Accessed 31 Jan
2018.
Campbell, B.M., Costanza, R., van den Belt, M. “Special section: Land use option in dry tropical
woodland ecosystems in Zimbabwe: Introduction, overview and synthesis.” Ecological
Economics. 33(3):341-351. 2000. Web. Accessed 31 Jan 2018.
Davies, G.M., L. Pollard, M.D. Mwenda. “Perceptions of land-degradation, forest restoration and
fire management: A case study from Malawi.” Land Degradation and Development. 21 (2010):
546-556. Web. Accessed 17 Apr 2017.
Dewees, P.A., Campbell, B.M., Katerere, Y., Sitoe, A., Cunningham, A.B., Angelsen, A.,
Wunder, S. “Managing the Miombo Woodlands of Southern Africa: Policies, incentives and

options for the rural poor.” Journal of Natural Resources Policy Research. 2(1):57-73. 2010.
Web. Accessed 31 Jan 2018.
Kayambazinthu, D. “Empowering communities to managed natural resources: where does the
power lie? The case of Malawi.” Center for International Forestry Research. 2000. Web.
Accessed 18 Apr 2017.
Sankhayan, P.L., Hofstad, O. “A village-level economic model of land clearing, grazing, and
wood harvesting in sub-Saharan Africa: with a case study in southern Senegal.” Ecological
Economics. 38(3):423-440. Sep 2001. Web. Accessed 31 Jan 2018.
Topp- Jørgensen, E., Poulsen, M.K., Lund, J. F., Massao, J.F. “Community-based monitoring of
natural resource use and forest quality in montane forests and miombo woodlands of Tanzania.”
Biodiversity and Conservation. 14(11):2653-2677. Oct 2005. Web. Accessed 31 Jan 2018.
Walker, S. M., Desanker, P.V. “The impact of land use on soil carbon in Miombo Woodlands of
Malawi.” Forest Ecology and Management. Vol 203 (2004): 345-360. Web. Accessed 17 Apr
2017.

